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Ion temperature at plasma center has been measured 
from TiXXI x-ray line (2.61A) using a crystal spectrometer 
in ECH, NBI and ICRF plasmas of the LHD. The ion 
temperature obtained in a range of 0.6 and 3.5keV was 
analyzed with electron densities and compared with electron 
temperature (see Fig. I). We can see that a condition of 
Ti>Te is clearly achieved in low-density Cne<1 0 13cm-3) 
two-ion hybrid ICRF discharges (H: minority, He: majority) 
operated in ion-heating regime (Pion>Pe), whereas the ion 
temperature is roughly equal to the electron temperature in 
NBI discharges operated m electron-heating regime 
(Pion<Pe). The ion temperature in ECH discharges becomes 
equal to the electron temperature at electron densities near 
I X I 013cm-3, although the electron temperature is much 
higher than the ion temperature at ne<l X 1 0 13cm-3• This can 
be explained by the relation between energy confinement 
time, 'tE, and electron-ion energy exchange time, 'tei (see 
Fig.2). 
The ion temperature in the ion-heating regime 
was correlated with heating power over electron density 
(PI<ne> ). Most of the ion temperatures ranged between 
1.5*(P/ne)0·5 and 2.2*(P/ne)05. Considering the ISS-95 
scaling, we can obtain a relation of 1.44*P0 .41/ne0.49 under the 
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Fig. I Ti(O) and Te(O) as a function of <ne>· 
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assumption of Te=Ti with parabolic profiles (see Fig.3). 
However, the ion temperature is distributed in a range 
between 1.44*P0·41 /ne0·49 and 2.3*P0 .4 1/nc0.49• This result 
suggests an improvement of 50% for ion heating efficiency 
in ICRF discharges compared with NBI heating discharges. 
The ion temperature in NBI+ICRF discharges also showed a 
continuous increment for the P/<ne>, although it saturated in 
the electron-heating regime of NBI discharges. These 
results demonstrated the achievement of successful ion 
heating in the ICRF and ICRF+NBI discharges and pointed 
out the importance of direct ion heating to increase the ion 
heating efficiency (ICRF: PH/(Pe+PH)-0.9, NBI: 
Pianl(Pe+Pion)-0.2), and also suggested a new direction for 
helical experimental research. 
Toroidal rotation has been also measured from the 
Doppler shift of TiXXI spectra. In ECH plasmas no 
toroidal rotation is observed. In NBI cases it is roughly 
4krn/s for P abs= 1.0MW and 7krn/s for 1 .6MW at 
ne=lx1013cm-3• Further analysis is being carried out. 
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Fig.2 'tE and 'tei as a function of <ne> in case of 
ECH discharges. 
> Q) 
~ 
._.:.- 3 
2 
2 3 
p0.41 /ne 0.49 
Fig.3 Ti(O) as a function of P0.4 1/ne0 ·49 derived 
from ISS-95 scaling. 
